SECTION 5 


TRANSMITTER MAINTENANCE 


5-1. GENERAL, This section contains essential information for alignment 
and neutralizing procedures. The Transmitter is properly aligned and tested 
before shipment. Should the Transmitter require adjustment, or realignment, 
loosen two screws at the sides and lift the top lid 0: its rear hinge. This 
allows access to the top of the chassis where most of the adjustments will be 
made. To remove the Transmitter from the case loosen the screws holding 
the rubber feet and lift the chassis clear. 


S28 EQUIPMENT REQUIRED, Equipment, or equivalent, required for 
adjustment and realignment of the Transmitter is as follows: 


a. VIVM with RF probe, Hewlett-Packard, 410B. 
b, Signal generator, Hewlett-Packard, 60%A. 

c. Multimeter, 20,000 ohm per volt, Simpson 260, 
d. 50 ohm, 100 watt, dummy load. 


e, Prepare a swamping tool with two alligator clips, a 100 ohm 
resistor and a 0.01IMFD capacitor. Connect the resistor and capacitor 
in series and solder the alligator clips to the loose ends, 


WARNING 


The power amplifier plate voltage in the 
Transmitter may be fatal. Always dis- 
connect the high voltage leads from the 
Power Supply when making adjustments, 
If it is necessary to make adjustments 
with the high voltage connected, observe 
all high voltage precautions. Ne er make 
high voltage adjustments unless a second 
person capable of rendering aid is close 
by. 


5-3. PRELIMINARY PROCEDURES, Carry out the following preliminary 
procedures: 


a. Make certain XMITR switch SW4 on the Control Unit is in the 
off (down) position, 


b. Position the operating controls as follows: 
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T-102 Transmitter - Bottom View 


Figure 5-2. 
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c. Disconnect the high voltage 4800V connector from the Power Supply. 


d. Disable the screen circuit of the power amplifier tubes by removing 
the bare wire jumper from the junction of R47 and R48 (figure 5-2) on the 
terminal board adjacent to the 6146 tube sockets, 


5-4, 455KC ALIGNMENT PROCEDURES. (See -igure 5-2,) 


follows: 


Proceed as 


a. Place operating controls as indicated in paragraph 5-3, 


b. Connect the RF probe of the VITVM across C14 (input to mechanical 


Riicerel 1,1). 
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d. Apply power to the Transmitter by pla:ing XMITR switch SW4 
on the Control Unit to the ON position. 


e, Advance VOX-PTT control R67 to approximately midrange until 


VOX relay K1 energizes, 


control R/0 to cause K1 to energize, 


It may be necessary to adjust the VOX threshold 


f. With MOD LEVEL control R8 fully counter-clockwise, observe 
VTITVM. <Any voltage indicated is due to a carrier, 
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g. Adjust CARRIER BALANCE resistor R9 (figure 5-1) for minimum 
VTVM readings. 


h. Advance MOD LEVEL control R8 until VITVM indicates one volt. 


i. Turn the top and bottom screws of T1 (figures 5-1 and 5-2) for 
maximum voltage on the VITVM. 


jem Disconnect thesRP probe jofcthesVIVM. 


CAUTION 


Do nowadiust 12099 or lz, ClO0.. «These 
parts are factory adjusted. 


k. Turn off power to the Transmitter by placing XMITR switch SW4 
on the Control Unit to the off (down) position, 


5-5. BAND PASS IF ALIGNMENT, (See figure 5-2,) To align the bandpass 
IF circuit, proceed as follows: 


a. Place operating controls as indicated in paragraph 5-3 except for 
VFO switch SW1 which should be placed in RCVR position, 


b. Connect the signal generator between ain 7 of V4, first balanced 
mixer, and ground, 


c¢. Gonnect RF probe of VIVM at: junction of C27 and R23. 
Gee metavel.y Meateouvoliss 
e. Tune signal generator to 2,.955MC. 


f. Connect the swamping tool (paragraph 5-2, step e) between ground 
and the output ofel 2; 


g. Apply power to the Transmitter by placing XMITR switch SW4 on 
Control Unit to the ON position, 


h,. Keep VTVM indication at about 0.5 vo''s by adjusting the signal 
generator output, 


i. Peak the primary (bottom slug) of T2, and peak T3 (bottom slug). 


j- Remove the swamping tool from between ground and the output of 
M2,wanad connect it from pin f to pin. oot V4, 
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k, Peak the secondary of T2 (top slug) and peak T3 (top slug). 
(See figure 5-1.) 


1. Remove the swamping tool and RF probe. 


m, Turn off power to the Transmitter by placing XMITR switch SW4 
on the Control Unit to the off (down) position, 


5-6. RF CIRCUITS ALIGNMENT. To align the RF :ircuits proceed as 
follows: | 


a. Place the operating controls as indicated in paragraph 5-3, 


b. To align the EXCITER TUNING control mechanically proceed 
as follows: 


ie Set there XX Cr PRUNE Gecontrol top/MC; 


2. Align the tops of the iron cores in L3, L4, L5,L6 and L7 
with the tops of the coil forms by spline driver adjustments on the EXCITER 
TUNING control slug rack. Set the rear tuning core four turns further in 
than the top of its coil form, 


3, Readjust the EXCITER TUNING control to the low frequency 
end of the 28MC band. 


c. Connect RF probe of VT VM to pin 5 of V9 and ground. 
ad, joel VEVMi ota Otvelte. 


e, Apply power to the Transmitter by placing XMITR switch SW4 
on the Control Unit to the ON position. 


f, Advance MOD LEVEL control R8 until VTVM gives an indication. 
eg. set VIVM.t0050 voltiscale, 


h, Peak the trimmers marked E-28 (DRIVER PLATE, RF AMP 
PLATE, 2ND MIXER PLATE) for maximum VTVM teading. Keep indication 
on VI VM below 30 volts by adjusting MOD LEVEL control R8. 


CAUTION 


Take care not to adjust the RF tuning to the 
HF crystal oscillator frequency. When this 
occurs, the indicated output on the VITVM © 
cannot be adjusted by the MOD LE‘7EL con- 
trol RS. 
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is @memove the RF probe from pin 5 of V9, 


j~. @Repeak the E-28 DRIVER PLATE circuit trimmer using the meter 
(Transmitter) as an indicator. 


k. Replace the RF probe of VTVM at pin 5 of V9 and ground. 


1, Place EXCITER TUNING control to 21.0MC (lower edge of 15 meter 
band), 


m, Set BAND switch SW3 to’21.0MC, 

n. Peak the trimmers marked D-21 (DRIVER PLATE, RF AMP 
PLATE, 2ND MIXER PLATE) for maximum indication on the VTVM, Adjust 
MOD LEVEL control R8 to keep voltage below 30, 


Oo. Remove the RF probe from pin 5 of V9, then repeak the driver 
plate circuit trimmer D-21 using the meter (Transmitter) as a peak indicator, 


p» Restore the RF probe of VITVM to pin 5 of V9. 


qe Turn EXCITER TUNING control to 14,0MC (lower edge of 20 meter 
band). 


re oet BAND switch SW3 to 14,0MG, 


s, Peak the trimmers marked C-14.0 (DRIVER PLATE, RF AMP 
PLATE, 2ND MIXER PLATE) for maximum indication on the VIVM. Adjust 
MOD LEVEL control R8 to keep voltage below 30 voits. 


t. Remove the RF probe from pin 5 of V9, then repeak the DRIVER 
PLATE trimmer C-14.0 using the meter (Transmitter) as an indicator, 


us. Restore the RF probe of the VIVM to pir 5 of V9. 


v. Turn EXCITER TUNING control to the upper end of the 40 meter 
band at 7.4MC on the EXCITER TUNING dial. 


w. Place BAND switch SW3 to 7.2MC, and set main tuning dial to 
200, 


x. Peak the driver plate trimmers marked B-7.4 (DRIVER PLATE, 
RF AMP PLATE, 2ND MIXER PLATE) for maximum indication on the VITVM, 
Adjust MOD LEVEL control R8 to keep voltage belov. 30 volts, 


vy. Remove the RF probe from pin. 5 of V9, then repeak the DRIVER 
PLATE trimmer B-7.4 using the meter (Transmitter) as an indicator, 
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z. Replace the RF probe connection to pin 5 of V9. 


aa, Set EXCITER TUNING control to 4.0MC (upper end of the 80 
meter band), 


ab. Set BAND switch SW3 to 3,8MC and turn the main tuning dial 
fo7200. 


ac. Peak the trimmers marked A-4,0 (DRIVER PLATE, RF AMP 
PLATE, 2ND MIXER PLATE) for maximum voltage on the VITVM. Adjust 
MOD LEVEL control R8 to keep the voltage below 37}, 


ad. Remove RF probe from pin 5 of V9, then repeak the DRIVER 
PLATE trimmer A-4,0, using the meter (Transmitter) as an indicator. 


ae. Turn off power to the Transmitter by plecing XMITR switch 
SW4 on the Control Unit to the off (down) position. 


5-7, HF CRYSTAL OSCILLATOR ALIGNMENT. Proceed as follows: 


a. Place the operating controls as indicate:'’ in paragraph 5-3, 
except as follows: 


Reference No, Gontrol Position 
L201 Main tuning control 100 


b. Peak the grid current by adjusting the EXCITER TUNING con- 
trol and observing the meter (Transmitter), 


Caguit BeCcessary, 4ncrease MOD LEVEL cottrol R& to obtain grid 
current indication, 


d. Tune trimmer E-28 XTAL OSC PLATE for maximum grid 
current. 


e; S6€t BAND switch SW3 to 2i.2MC. 


f. Adjust EXCITER TUNING control for peak grid current reading 
on the meter (Transmitter). 


9. Lune trimmer D-zPxTAL OSC PLATE for maximum grid 
Cur Lent. 


h. Repeat steps b through g for BAND switch SW3 settings of 
14,0MC, 7.0MC and 3.6MC. 


i. Turn off power to the Transmitter by placing XMITR switch 
SW4 on the Control Unit to the off (down) position, 
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5-8, POWER AMPLIFIER NEUTRALIZATION, The power amplifier can 
be neutralized using a Receiver S meter as the indicator, If a Receiver is 
used, couple a small pick-up loop between the Transmitter RF output and 
the Receiver input. For neutralizing, the Transmitter dummy load can be 
a 50 ohm, 1 watt resistor. The following procedures provide for the use of 
the VT VM as an indicator, 


a. Place operating controls as indicated in paragraph 5-3, except 
as follows: 


Reference No. Control Position 
SW3 BAND switch 14,0MC 
Sw4 Bae son switch LOGI KEY 
Iss, 54,°L5, EXCITER TUNING 14MC 

Les. HR control 


b. Remove the coaxial connector at RF OUT jack J1B and connect 
the 50 ohm, one watt carbon resistor. 


c. Remove the cover of the power amplifier shielded compartment 
by loosening 10 screws, 


d. Connect the RE probe of VIVM to the top of the plate choke coil 
RFC8. (See figure 5-1). 


e, “Set the VTVM to the lowest woltage scai:z, 


f, Apply power to the Transmitter by placing XMITR switch SW4 
on the Control Unit to the ON position, 


g. Advance MOD LEVEL control R8 slightly. 


h, Adjust EXCITER TUNING control and MOD LEVEL control R8 
for peak reading onthe VT VM. Keep this reading below 0.5 volt, 


i. Turn off power to the Transmitter and turn the chassis over. 
je Turn on power and adjust PA neutralizing apacitor C80, located 
between the PA tubes on the underside of the chassis, ~ror voltage dip on 


VIVM. 


k, Remove the RF probe from RFC8, and replace the power amplifier 
compartment cover, 
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NOTE 


If using the Receiver for this indication be 
sure to keep the MOD LEVEL control R8 
(Transmitter) low and the coupling loose, 
to prevent damage to the Receiver, 


1. Turn off power to the Transmitter by placing XMITR switch SW4 
on the Control Unit to the off (down) position, 


5-9. DRIVER NEUTRALIZATION, To neurra ize the driver tube stage, 
proceed as follows: 


CAUTION 
In this process the 800 volts DC is con- 


nected to the PAYplates.” Use extreme 
caution when high voltages are present. 


NOTE 


If Receiver S meter is used as an indicator 
turn Receiver BAND switch SWI1 to 14,.0MC. 


a. Place the operating controls as indicated in paragraph 5-3, 
except as follows: 


Reference No, Control Position 
SW3 BAND switch 14,0MC 
Sw4 Emission switch LOCK KEY 
SWw5 METER switch RL 


b. Connect the high voltage plate supply by restoring the high 
voltage cable to the 4800 volt Power Supply terminal, 


c. Connect the bare jumper wire to the innction of R47 and R48 on 
the terminal board. This restores voltage to the . 4 screen circuit. (See 


figure 5-2.) 


d. Remove plate and screen voltages from the driver tube by un- 
soldering the jumper wire which connects to the feedthru at the junction 
of R35 and R36. (See figure 5-2.) 


e. Connect a 50 ohm, 100 watt dummy load to RF OUT jack JIB. 
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f, Connect RF probe across the antenna dummy load. 


g. Apply power to the Transmitter by placing XMITR switch SW4 
on the Control Unit to the ON position, 


h. Advance VOX-PTT control R67 until the VOX relay closes, 


i. Adjust BIAS ADJ. R85 on the rear apro. of the chassis for 
a plate current reading of 37MA on the meter (Transmitter), ) 


j» Increase MOD LEVEL control R8 setting, Adjust EXCITER 
TUNING and PLATE tuning controls to 14.0MC for maximum reading on 
the VIVM, The VTVM should read 0.3 volts. (If the Receiver S meter 
is used, adjust for maximum reading on the S meter (Receiver). 


k. Adjust the driver neutralizer capacitor C59 (figure 5-2) fora 
voltage dip. 


1. Turn off power to the Transmitter, anda disconnect Receiver 
pick up loop and VTVM probe, 


m. Restore the driver screen voltage to tie power amplifier tubes 
by resoldering the screen supply at the junction of R35 and R36, which was 
removed in step d. 


n. Turn off power to the Transmitter by placing WMITR switch 
SW4 on the Control Unit to the off (down) position, 


5-10. FEEDBACK NEUTRALIZATION, Keep eutput power as low as 
possible at all times, but sufficient to obtain a meter (Transmitter) reading. 


a. Set the operating controls as follows: 
Reference No, Control Position 
R8& MOD LEVEL control Fully counter- 
clockwise 
Swi VFO switch XMTR 
SWw4 Emission switch TUNE 
SW3 BAND switch 28A 
SW5 ‘METER switch PL 
Main tuning dial 1s 100 


b. Connect a 50 ohm, 100 watt dummy load to RF OUT jack J1B. 
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c. Apply power to the Transmitter by placing XMITR switch SW4 
on the Control Unit to the ON position, 


dv) Turn the EXCITER TUNING control until the meter (Transmitter) 
peaks, 


e. Turn the PLATE tuning control for a dip in the meter (Transmitter) 
reading. 


f, Place emission switch SW4 in the LOCK KEY position and repeat 
steps d and e for sharper tuning. 


g. Turn off power and turn chassis over Locate the feedback 
neutralizing capacitor C61 (See figure 5-2.) 


h. Turn on power to the Transmitter and adjust C61 until the meter 
(Transmitter) dip and the power output peak coincide while tuning the PLATE 
tuning control to resonance, 


i. Turn off power to the Transmitter by placing XMITR switch 
SW4 on the Control Unit to the off (down) position, 


5-11. VFO SIDEBAND FREQUENCY SHIFT ADJUST. To adjust the VFO 
sideband shift, an accurate Receiver is required. Proceed as follows: 


NOTE 


Do not make this adjustment unless shifting 
from one sideband to the other, Retuning 
is necessary, 


Each time the steps inthis par. graph are 
performed, it must be followed with 
paragraph 5-12, 


a. Place the operating controls as indicated in paragraph 5-3, 
except as follows: 


Reference No, Control | Position 
SW3 BAND switch 14,0MC 
Sw4 Emission swi.. | LSB 
SW5 METER switch. PL 
L201 Main tuning dial 100 
RY _ CARRIER BALANCE Clockwise 

control 
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b. Connect a 50 ohm, 100 watt dummy load to RF OUT jack JIB. 


c. Apply power to the Transmitter by placing XMITR switch SW4 
on the Control Unit to the ON position. 


d. Adjust EXCITER TUNING control for maximum reading on the 
meter (Transmitter), 


e. Dip the meter (Transmitter) by adjusting the PLATE tuning 
control, 


fi Tune the Receiver to zero beat with the Transmitter, 


g. Shift emission switch SW4 from LSB t: USB, 


h. Adjust trimmer capacitor C203 to zero beat with the Receiver. 
(See figure 5-1.) 


1's Turn off power to the Transmitter by placing XMITR switch SW4 
on the Control Unit to the off (down) position, 


5-12. CARRIER BALANCE ADJUSTMENT, Adjust the CARRIER BALANCE 
R9 as follows: (See figure 5-1.) 


a. Set BAND switch SW3 to 14.0MC. 
b. Connect a 50 ohm, 100 watt dummy load to RF OUT jack J1B. 


c. Tune and load the Transmitter keeping the power output as low 
as possible to produce a reading, 


d. Place emission switch SW4 to LSB. 
e, Set MOD LEVEL control R8 fully counter-clockwise, 


f. Connect the RF probe across the dummy load. Set VTVM to 


lowest voltage scale. If a Receiver is used, covple a small pick-up loop 
from Receiver RF input to the dummy load, 


| g. Turn VOX-PTT control R67 fully counter-clockwise until the 
PTT switch is heard to click. 


h, Press the push-to-talk microphone bu‘:on and’observe VTVM. 
Reading should be less than 0.22 volts. If the VI VM indicates a greater 
voltage than this amount proceed to steps i and j. 
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i. Adjust CARRIER BALANCE R9 and C6 until the VITVM registers 
below 0,22 volt or the S meter (Receiver) indicates minimum. It may require 
several adjustments of these two components (sine one interacts with the 
other), until further adjustment does not produce a decreased voltage reading. 


j. Shut off power to the Transmitter. Remove VTVM, RF probe 
and dummy load. 


5-13. APL ZERO ADJUSTMENT, The APL zero adjustment is made to set 
the zero level at which the Automatic Peak Limiting indicator (Transmitter 
meter) operates, proceed as follows: 


a. Connect a 50 ohm, 100 watt dummy load to RF OUT jack JIB. 


b. Place emission switch SW4 on TUNE and advance VOX-PTT con- 
trol R67 until plate current is indicated. 


cc. Tune and load the Transmitter at 14.1°AC. 
d. Rotate MOD LEVEL control R8 fully counter-clockwise, 


e, Set METER switch SW5 to APL and emission switch SW4 to 
BOCK KEY: 


f. Adjust A.P.L. ZERO on chassis until meter (Transmitter) reads 
Zero, 


5-14, FIRST MIXER BALANCE ADJUSTMENT, (See figure 5-2.) To 
adjust the first mixer balance to produce the greatest carrier reduction, pro- 
ceed as follows: 


a, connect a 50vohm, 100 watt dummy load to RF OUT jack JiB. 
b, Tune Transmitter to 14.1MC. 


c. Couple a Receiver loosely to the Transmitter and tune slowly 
across 14,.555MC until the transmitted signal on 11,1MC is heard, 


d. Adjust R21 (lst mixer balance potentiometer) and C22, These 
components may require several adjustments until the signal heard in the 
Receiver has about disappeared, or until further adjustment does not pro- 
duce any appreciable drop in signal strength, 


5-15, VARIABLE FREQUENCY OSCILLATOR (VFO). The variable fre- 
quency oscillator is a linear calibrated permeability tuned oscillator with 
a range of 2.4MC to 2.6MC. The frequency of the VFO is read on two dials, 
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The main tuning dial is divided into 1OKC segments and the vernier dial is 
divided into 1KC segments. Tuning is linear within 300 cycles at any dial 
point. The VFO is factory aligned and adjusted; and ordinarily does not 
require re-adjustments. If parts replacement is necessary, be certain to 
obtain only those components listed in the VFO parts list, 
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SECTION 6 


TRANSMITTER REFERENCE MATERIAL 


6-1, GENERAL, The voltage and resistance charts, parts list, and the sche- 
matic diagram (figure 6-1) for the T-102 Transmitter are provided in this section, 


Reference material for the M-136 Variable Frequency Oscillator is also included, 


6=2. T-102 TRANSMITTER RESISTANCE MEASUREMENT CHART, (See 


figure 6-2.) Resistance measurements were made with a raultimeter (20, 000 


ohms per volt) with the power cables disconnected and the front panel controls 


placed as follows: 


CAUTION 


Remove all input source power from Tr: nsmitter, 


Reference No, Control Position . 
R8 MOD LEVEL control Fully counter-clockwise | ' 
Main tuning dial 100 
BACGCITER TUNING (a8) 
dial 
SWw2 SPEC-AMAT switch AMAT 
R67 VOX-PTT control Fully counter-clockwise 


PTT switch off 


SW3 BAND switch | 1B-7.0 
R60 QT control Fully connter-clockwise 
SW5 METER switch Pi a 
PLATE tuning dial bend 
SWw4 Emission switch LOCK KEY 
6-1 
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All measurements were made with the tubes in their sockets, Any resistance 
reading within 20% is considered satisfactory, When required, VOX relay KI 
is energized by hand. | 
6-3. M-136 VFO RESISTANCE MEASUREMENT CHART, (See figure 6-3.) 
Resistance measurements were made with tube V-20' removed from its socket 
and all power turned off. Measurements were made with a multimeter (20, 009 
ohms per volt). 
CAUTION 
Remove all input source power from VFO, 
NOTE 
Any resistance measurement within 20% of 


listed value is considered satisfactory. 


6-4, T-102 TRANSMITTER DC VOLTAGE CHART, (See figure 6-4.) Voltage 
measurements were conducted with the equipment operating in a normal fashion, 
using a multimeter (20, 000 ohms per volt.) Modes ard conditions encountered 
are shown in the columns where necessary to effect a proper reading. The front 


panel controls were positioned as follows: 


Reference No. Control Position 
R8 MOD LEVEL control mid-range 
Go5 LOADING lever mid-range 
SW2 SPEC-AMAT switch AMAT 
SW3 BAND switch 1B-7.0 
Main tuning dial 100 
R60 QT _ Fully clockwise 
SW5 METER switch rat 
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Reference No.(Cont) 
R67 


Sw4 


Control 


VOX-PTT control 


Emission switch 


Position 


Mid-range and 
fully clockwise 
where indicated 


LOCK KE Y 


6-5, T-102 TRANSMITTER AF, RF VOLTAGE CUART., (See figure 6-5.) 


Audio and radio frequency voltage measurements were conducted with the Trans- 


mitter operating under the following conditions: 


a. Connect VIVM with RF probe across antenna 502 dummy load, 


be MePlace METER switch SWo to PL. 


c. Tune and load Transmitter slowly on 7.9MC,. 


d. Observe VIVM and adjust MOD LEVEL control R8 until meter 


(Transmitter) reads 70.7 volts RMS. 


e. Shift METER switch SW5 to GRID, 


f. Adjust MOD LEVEL control R8 until meter (Transmitter) M1 indi- 


cates zero and VIVM is about 50 volts RMS. 


g. Place Transmitter controls to following positions, 


Reference No, 
Sw4 
SW 3 


R67 
R60 


SW5 


SW 1 


Control 
Emission switch 
BAND switch 
Main tuning dial 


VOX-PTT contrci 
Ol COoneroL 
METER switch 


PLATE tuning dial 
VFO switch 


Position 
LOCK KEY 
1B-7.0 
100 


Mid-range and as 
indicated on chart 


Fully counter- 
clockwise 


PL then GRID 
(Steps b and e) 


“esl 


XMTR 


* 


cohmes 
© et neem cei het att 


Oh 54 3-8 ‘Ko Bj! 


te Te Fey 
Jool4 witty 
f 


b x t 
hj 
i. 
ar 
Pry : 
A 
mn | 
’ f 
~ 4 
{ 
y 
’ 
A aa tj 
’ 
pid ‘ I 
a 
af 
(oR i 
‘S 
(BRR Ree | 
het 
ye 4.5 Fs 
a6) ay 4 
t 
na 


A | oan Lozsmod) 


aa eh ne 


Pee L pean ate enter 


cre aan 


3 i a ALE ne ew A Tt 51 ee) 
None Sow eens ibaa yas! -yontupest aibat by ie 
enomibaos pahwoll at 4 rabay yndteced ; 
iat cor od adoTy FA aiiw MV T V joede0D 
LT of OW 2 indie HATAM eel 
) & vbw snat? Soot tne sav T 
: ; HV : t Epa ‘ myer ¥ oT Gg ah 
IMS adlev +. O07 ofant (29008 7 
Leta ' d2irwea 5 aT mh AD 
44 i is if TAO iA - ja I Oily len ib ft 
) silow OF seads af LAV TY bale 
rwolrg! Pao 3 4 Livvrater yy? s Pip a A 
eye 2M Ea uray hawt 
orm awe ca 
re GAAN EWE 
” oo hisg Pye dh 
ve i Tn wi 
BGI S TQ 
dire AST 
Tee Ep dirowss ay hei 
| Kiliwe OF ‘¥ 
| \ - +4 Pe 
(eee 
ee 
may, 
RY cfu) 
| Ta ey 


(Zz JO T 3904S) JAeYD JUSUIOINSesp VdULISISOY 19z}TWUISURIT, ZOT 


L 


peso[y peso[y 
AeToy Aelay 


M?cv | ACV 


“ 


9 oinsty 


6-6 


+ 


sn 


oo 


> RE 


aie 
a 


so a ae mer AH mT toms 


reba emp adr mek 


i ; i ' | 

Yi ; ; e . ‘ / | - 

% y ‘a6 | 

i | : nt | 

if a | 

tt / . | 

¥ | t | 

y a. ; Aes 

veils * ee ee aimee 

: “" i , 

, wat i 

t e ) 2 yt a ~ 

‘a sind } em} J oy ; ae By f 

Vs ‘ , q ; —) \ ry ) a imal 

abe f —~ Ah r ) 

4 Y eve 

(* E | { | 
sae ee ¢ | 


war . a 
ous | 
: Pm 
. 

] 


| ) ep Sep eae 


; . bi = 
é . 
= ae 
eta : 

j 
iy 
ti 
ly 
re | 


{ 

mn | 
‘: 

¢ 

“? ‘ , 
sy 
e 
is 
fs 


} i) ey 


‘AG 
REE Ree ha panels rivoan theta 
0 , : ¥ 
( 
& 


i 


| ; 
me 
{ 


he ey 1 , 
or an a rea ° 
| Ghent ji 
bs 7 
HS X cM 


yIeYD JUSWOANSesp PDUeISTSOEY OAA YIET-W “Eg PaNndT FT 


~-y8ng 
OM08 BOGE SG: elk OAOST ESEREE: OMOST OMOL pod LOgsh 


, pe | | Gecoreos & rrr" _ Feeney inn [e-— — — — ——— —EY ——— oo 


6-8 


as 


(z JO [T 3994S) 


es Ol eee oA elias el 


Tha 


MS Oc Ours wer a 
S6T O6c f 


Dodo Moca th 


yareyy o8e110A Dd’ 


CaO Niven GV xk OWN 


IO}WMWISUeLT ZOT-L 


“That 


Ge ON Gy Com 


pled A.N Den +-GL-D NVA i me Oia 


Lake Od +e 7 lt AES 


a SS ag LONE OLD AERO IELSR SAL G aT F ES, 


FS 


"¥-9 ernst gy 


6-9 


sain ater ar i 
| 
| 
. 
' 


{J 
Cu 
i“ 
- 
1 
os 
f 
: 
. 


eae | 
. 
f 
} 


ieee atae Gi aaa SS ee a = — : aes fe oe. 


is at : i < z 7 2 = se 2 — - : 
i 4 : m : 
Fs G Pd z : 


: 


a ae Ree AAS a a a a a ee ee 


—_ - ey Sans ie a nn ee 
2 ean tl A ee ——————— : . ; 


4 
i — Y 7 4 
res vse Ni ey tae 
‘ aa mn 
he shame st ve ie | ; , 
t phi ih a bs a . yf ; ; 7 y 
Pe ety Ne . 
hg a ia oe. 
i 3 iy : eh, Gee 


t 


' 
ts lisa iatog 
Ce 
‘ 
} 


w tM 


‘i 
, 
} 
z 


i 


(z JO 2 320YS) J1eYUD OBeITOA ‘Od 


Bowe, ow ised) POLL N 


es tae omnes, i. ch 


zeqytuisuety, 201-1 


‘P-9 O1nB1 7 


ANS 


‘ 


ee irene tiny 1 Pa tthe Al te Eye the er 


ia 


i 


SS 


t 
' 1 


My mr 


we 
a 


——— 
“ 


ae comlart aia ol 


: 


Oh ee oe Pee 
ui ir ; jal ye in | * & ny 


i 
) 


adi a a a ab mae 


RAI os 
4 


j pom ° a on , en ed a 
; i «< 
‘ i 
| ee a. 
} q pat | 
P t 
. } 
4 . iy | 
i, f ' 
: - ON 
vi ; 
; 
LS ts) 
ee ae a vere eee 


: 
¥ 
' 
Se Wie 


en ee ene ey eee 


(zZ JO [ J20UNS) WeYD 98eITOA AY ‘AV ASWTWSUeTL Z0I-L ‘4-9 ean31q 


biV. LX 995: S Ber 


(ero. SLi a) 


TO iL) 
T - 


20 


6 ur 


NULING O75 


NIW Ow 


Las 


Las 


: es 


6-11 


ate. 


a ear 


(z JO z 04S) WeYUD CBeIIOA AY ‘AW A09NMUsUeTT ZOI-L ‘GS-9 eans1g 


“poay.euu0D oqoard usyM yndjno 38eI]T0OA x 


qd-Oly CUVADVd-LLYATMAH HLIM CHUNsSVAaW 


6-12 


} o 
et ee A me, meme Cy is ree , 

q 

| 


ede ot) heme olor Ne ett my pH wa mm BR a 


“ i 
: i t 
, | 
; | 
j ; ‘ 
4 ij 
; ' 
} 
’ ' } i 
‘+ — strange nats Wha OY - oT ome) oy — sl acme Linea 
! 


a £6 nme oem iy ttenr pestis — Ae, eae hide tr tame 


; 
: 
; 
i] 


A A 
= ! 
oo 
4 


j 
—— 


a 

i 

| 

; 

y 
a 

: | 


\ 

i 
. 
i. me 
i | " 


ima, ew ee 


i. 
+ 

+ 

—— 


, \ 

f 1 

ee. tae ro 

mm ifr oe 4 re i. i beef ne 
ae a i 


. ee: 
Tom Gay) 


var 


INSTRUCTION MANUAL 
REL TYPE R-104 
RECEIVER 


May 12, 1960 


MANUFACTURED BY 
RADIO ENGINEERING LABORATORIES, INC, 
29-01 Borden Avenue 
LONG ISLAND CITY i eIN ee 


ae ure oe ania Papa. 

a vi OaLAe 2 AE ave ova: 
| ne | : noptod eee 
ce biel banat 


RECEIVER TABLE OF CONTENTS 


Paragraph Page 
RECEIVER INTRODUCTION 


1-1 General Description. 1-2 
1-2 List of Speci Garonne emurnent — Vi. ek et es 1-2 
1-3, Leb CPO ore niencmin. “nis Re. 14 eis ea lw Sg a 1-3 
1-4, Fuse Complement .. . ee i Rs. el re 1-3 
1-5 Semi - Conductor Obrseianrent. on ee We. NG 1-4 
1-6 Quartz Crystal Complement : 1-4 


RECEIVER INSTALLATION 


2-1, Unpacking) e.* ant Pe ‘i 2-1 
2-2 Amateur Crystal Sele aion oie tte eR BO) de. i. te Z-1 
Z-3. Special Gryetaliselecwoun. | A 4) 4 4 4 « aba me 2-2 
2-4, Grystal Selectionmbarsmiin wh etOE «on ww le we 2-4 
2-7 Power Connectors . . ° wats Se ree 2-4 
2-8 Receiver Connection - es Coen tes 2-5 
2-9 Receiver Connection - Separate Operation... . . 2-5 


RECEIVER OPERATION 


3-1 Operative Controlsnes,0 sane Neseury din gal Cawat .. 3- 
i Rover PeceiversOperanomes ws. Yolie@e Chart. 4. i. 2S 3 


RECEIVER THEORY OF OPERA?1 {ON 


4-1, General eee 4-1] 
4-2. RASGCircaites. 9) wars or 4-1] 
4-3, Miretwiicer Circuitsn ei. o, 4-] 
4-4, SecoudsMixer-OCivcuiten «ca. 6s) Ge eee oe ve os) 4-1 
4-5, PPC EDCULCS Ten cc ere ti geben yor re oe Peet ky 4-4 
ROE LeCtOr Circiita ann wee a lace fo he sy oe than d 
4-7. VOLO MU LDUL Clr Cuts ig Pear NPs se ecw Ps) Nee 4-4 
4-8. Oscillator Circuits . 2. SRM ee eI Re wle! «= baths 4-4 
4-9, Crystal Calibrator Gece ter : SERED So iseie. @e os 4-4 
4-10, High Frequency Crystal Gee itiecar SOA mene) 0 Aen i: toe 
4-11, Variable Frequency Oscillator (VFO)... .... 4-5 
4-12. Power gene ee cen east A. esol se ese. Ge G 
Apo MeA Coley. | 2 Meg aes al ae yaa ea . 4-6 


TT.AUGOR TN SaviIgoas 


Lg ee ep eee eetl Taree 
ry ea nee bei itt mc ‘ote Sahl 
coe ww eo 9 Oe 4) Sieeaic edit 
: iy ow) teal Sr 7 
i «  » | Pee RE ape uGTOMbMeED .~ hywde 

. oo» + $epuemlqdwD bateyn arreu 


TAIIATEM ASVIEOSE 
4: ts (cnr eee plo aga 

notosiod LaawysO strate 

eet noselss leteyzD fetpaqe 

. ale “18% no Woeles Tateyto 

apotesitegey tewo% 

aO wcadev? < atiinesnneD sevisoes 

+ cay lexaqed « noipenndo zevisoek 


siontjmeD guiieteq? 


" » fottea tea) t6¥ie34H 
yi + “i 2 {) f HOARY ii mv (a Dias 


© « © © ww 0), «9 Seamer 

@ ° P . » «iia Sio tA 

ree to ey stile whD can Jaelt 

« 1 « « eis i 2 ony hanged 

1 6 a eee SE 

so? ia Se . .eplewed vad peta 
eT ee a ee alleura' Be er Led oi 

ree eis 

. tenetlineG tmtiexdited: ignaya 

» sohalitn a? betas henge es gh 48 

ee nh sree ioe: eb saat to ofeainaY 4 

re Seed ot oes 


5 mi a) ‘e, * . 
Pan ‘ i f 


RECEIVER TABLE OF CONTENTS (Cont) 


Paragraph Page 


RECEIVER MAINTENANCE 


5-1 Generalaia.. se 5) iar ae oars 3 5-3 
5-2 Equipment Reauerad Mie) see. Ms) As 5-3 
5-3, Preliminary rit eninen ey, wee. ove ec uescteee sess 5-3 
5-4, LEV ALI Pie a tee seme) hl ies bao oe ee AS ae 5-4 
5-5, Carrier Reinsertion Crystal ent Sn ec 5-5 
5-6, Bandpass IF Alignment. .... eA? Laat ade 5-6 
5-7 High Frequency Crystal Aciaaunent Pe. eo ie es . 5-8 
5-8 RS Tdi oats a cawients. s 3) ie bos! <i os ars une Seles 5-8 
5-9 100KC Calibration Oscillator Serie ss 5-10 
5-10 Su Meéeter Ad ja etren tec 1 see MILE tie once Peo es 5-10 
5-11 OVetall Seneiliviiyel Oe luiss SME Ge Ss gk ek) emails 6 5-11 
DC tee OC GLY ClN ia mnG RS Moon ars) Be ets 6 lke, ce 5-11 
513.) Phone wacke, eseuirwr) at SO em era 5-12 
5-14 Variable Frequency Geert aiey oe i et ne ee 5-12 
5-15 VP Osh eecuencyermitt Adiustments., 5... .» wt «+ o-i2 
RECEIVER REFERENCE MATERIAL 
6-1 Generali. am, it ah : : : 6-1 
6-2, R-104 Receiver eeetence Meedreont Chart aN e 6-1 
6-3, M-136 VFO Resistance Measurement Chart. . ... 6-4 
6-4 R-104 Receiver DC Voltage Chart. . ...... 6-4 


22 


(eon) BTHATHOS 19% Saat mais 


aM AMR TMLAM stevia 2a 


™ 
® 
” 
. . * ’ 
‘ 


hive es 


e a] 


irommenthbA latayas yoann para hg ahi tae 


pA Tatelsioey nobieadibe OMe L: : Rak n> 


i le 


4 ra e 


oe vi 


Bs, | a 
a j Th 


deh: Mie /_. > Se 
ge ee ec ae eG Sean ei 
doe), betel tepemqinne. Sek 
mre! tramuranetta tL. yitsealonliony, ihe. aa 
La a oo. bare Sh weet oO 

7,4 err aoties nrake A rae tes tee, 

Sofa cong hla. "AX eangbaat yee: 


¥ 


, ! dire Kraay the yates? ee rk 


inenrien{ DA sate? 4OleR Gm 

. teat vtivitings® UeaevO tees 
‘aeT gauge tovieras |) Sbpk 7” 

; . , vest dost énodt ,8bed 
rotstiioe® yousaperS sidatagy¥),!! sabe? 
vibA Dide yoroupett OFY | 


=" 
2 “S27, IS 
£1 Ge ws ree a ne e 


ro) teviasodk 


RF 
TUNING 


MAIN 
TUNING 


‘CONTROL 


VERNIER 


DIAL 


DIAL 


Ae i 
38 af 


CALIBRATION 


EMISSION 
SWITCH 


RESET 
CONTROL 


R-104 Receiver 


Figure 1-l. 


ve 
m 


SECTION 1 


RECEIVER INTRODUCTION 


1-1. GENERAL DESCRIPTION, (See figure 1-1). The R-104 Receiver is 
capable of reception in Single Sideband (upper and lower), CW and AM, between 
3,.5MC and 30MC. Tuning for the double conversion Receiver is accomplished 

by low-drift crystal oscillators and an essentially linear variable frequency oscil- 
lator (VFO). The Receiver requires 115V AC, 60 CPS but provisions are included 
to utilize 6, 12, or 24V DC power supplies. The twe outputs provided are: a 600 
ohm balanced for phone patch operation, and a 4 ohm unbalanced for speaker oper- 
ation. R-104 Receiver covers the Amateur frequencies with provisions for tuning 
Special (MARS) frequency bands. 


1-2. LIST OF SPECIFICATIONS. Features and specifications of the R-104 
Receiver include the following: 


Crystals 12 supplied (Amateur) 
I7HLOCKC calibration 
ZEMCaAnrrte re OSiCli ator 


Frequency range 3.5MC to 30MC 

Operation modes USB, LSB, CW and AM 

Sensitivity One microvolt for 1ODB signal-to-noise 
ratio 

Selectivity SSB operation: 2.1KC at 6DB down 


4,2KC at 60DB down 


CW operation: 0.5KC at 6DB down 
1.0KC at 60DB down 


AM operation: 2,.1KC at 6DB down 
4.2KC at 60DB down 


Spurious response Image rejection better than 50DB down 
Frequency stability After 30 minute varm-up, within 100 CPS 


Dial accuracy: 


Electrical 300 CPS on any band 
Visual 200 CPS on any band 
ik irequency bet. 2. 95MC 
2nd, 455KC 
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Band width 2.1KC on all bands - AM, SSB 
500 CPS - CW 


Dial backlash Less than 50 CPS on any band 
Output level | 0. 75 watts 
Audio range | 300 to 2400 CPS 
Input power LES VAC. 60; CPS 
90 watts 
Size 6-7/8 inches high, 14-7/8 inches wide, 


12 inches deep 


Weight 20 pounds 


NOTE 


Two additional 100KC segments of the 10 meter 
band may be used by installing the proper crys- 
tals (not supplied) in the unused 2E and 3E crys- 
tal sockets, 


1-3. TUBE COMPLEMENT. Tube complement of the R-104 Receiver is 
as follows: 


Two 6DC6 RF amplifier, Crystal cal. osc. 

One 6AH6 HF local oscillator 

Three 6BE6 First mixer, Second mixer, Product 
detector 

Two 6BA6 First, second IF amplifier 

One 6bAT6 AM detector, AVC amplifier, First 
audio 

One 6AQ5 Audio output 

One 6U8A VFO osc., VFO cathode follower 


1-4, FUSE COMPLEMENT, The R-104 Receiver has one fuse, electrically 
in series with the power transformer primary. It is: 


One 1 Amp. 250V 3AG (SLOW BLOW) 
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1-5, SEMI-CONDUCTOR COMPLEMENT, The semi-conductor complement 
of the R-~104 Receiver is as follows: 


Five Silicon diodes comprising rectifiers 
CRieCRZiORowsGR4, .CRS, 


One ; Crystal Diode 1N34A CR201 


1-6. QUARTZ CRYSTAL COMPLEMENT, The R-104 Receiver is equipped 
with 15 quartz crystals. Eleven of these crystals cover the Amateur frequency 
bands, two are SSB carrier crystals, one is a calibration crystal and one is 
used to tune WWV for Receiver calibration. The comp ete list including the 
frequency of each crystal follows: 


R.F. Crystals 


Quantity Frequency 
One 6.455MC 
One 6.655MC 
One 6.855MC 
One 10,055MC 
One 10. 255MC 
One 12.0275MC 
One 12.1275MC 
One 12.2275MC 
One Lowi tl (oMG 
One 17. 055MC 
One Dig oo oN 
One 17.855MC -(WWYV tuning) 


SSB Carrier Frequency Control 


Quantity Frequency 
One 453,.8KC (LSB) 
One 456.4KC (USB) 


Calibration Frequency Cortrol 


One i00KC 
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SECTION 2 


RECEIVER INSTALLATION 


2-1, UNPACKING. Unpack carefully to avoid damaging equipment. Ex- 
amine carefully for visible damage. Check that all tubes are properly seated 
in sockets, Check action of all controls and switches. If equipment is found 
to have sustained any damage in shipment or if its condition on arrival is in 
any way less than perfect, save container and packing materials and notify 
transportation company. 


2= 21. AMATEUR CRYSTAL SELECTION. With the SPEC-AMAT switch 
SW2 in the AMAT position, the Receiver is set to receive in the Amateur 
bands, and for this purpose 11 Amateur frequency crystals are supplied. The 
Amateur crystal board is marked with the frequency of the crystals to be in- 
serted, except sockets marked 3C (not used) and sockets 2E and 3E. 


NOTE 
Only one 10 meter Amateur c:ystal 
is supplied. If broader cover.ge is 


desired insert Amateur frequency 
crystals in sockets 2E and 3E, 


BAND Switch Positions Band Range Crystal Supplied 


80 meter band 


TA 3.4 to 3.6MC 6.455MC 
rae 3.6 to 3.8MC 6.655MC 
a2. 3.8 to 4.0MC 6,855MC 


40 meter band 
IB re LO NLC 10. 055MC 
2B hee tonls4MC 10. 255MC 


20 meter band 


1c 14.0 to 14. 2MC 17.055MC 
2G 14.2 to 14.4MC 17. 255MC 
oe 14.8 to 15.0MC ive 655MC 


(WWYV reception) 
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BAND Switch Positions Band Range Crystal Supplied 


15 meter band 


ID 21.0 to 21,.2MC 12,0275MC 
2D 21,2 to 21.4MC 12,.1275MC 
3D : 21.4 to 21.6MC 12, 2275MC 


10 meter band 


1E 28.5 to 28.7MC £OG die NAG 
2E As Selected Not supplied 
3E As Selected Not supplied 


2-3, SPECIAL CRYSTAL SELECTION. The Receiver is equipped with two 
crystal boards. The left hand board is for Amateur frequency operation and 
the right hand crystal board has provisions for installing crystals for opera- 
tion outside the Amateur bands, which are called Special (MARS) bands. The 
Special crystal board sockets are marked to corresponc to the inner markings 
of the BAND switch in each unit. The following table ccmpares the Special 
band range with the Amateur band range. : 


Special Amateur Band 
BAND Switch Positions Band Range Range 
80 meter band Band A 3.5MC to 5.5MC 3.5MC to 4.0MC 
40 meter band Band B 6.5MC to 9.0MC 7.0MC to 7.3MC 
20 meter band Band C 9.0MC to 15.0MC 14,0MC to 14.35MC 
15 meter band Band D 15.0MC to 22.0MC 21,0MC to 21.45MC 
10 meter band Band E 22.0MC to 30.0MC 28.0MC to 29.7MC 


It therefore should be noted that when operating in Special (MARS) mode with 
the proper crystal, considerable greater band range is available than in 
Amateur operation. If it is desired to insert a Special (MARS) crystal, place 
it in a crystal socket of the right hand board which is marked to correspond to 
the BAND switch setting, as indicated in the following table. 


Right Hand Crystal Special Special Crystal 
Socket Board Position Band Range Frequency Range 

1A, 2A, 3A 3.0MG to 5,5MCG Gps 5> MGstG.o.555MG 
iB; 25 6.5MC to 9.0MC 9.555MC to 12.055MC 
OR TAGES 9.0MC to 15.0MC 12,055MC to 18.055MC 
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R-104 Receiver - External Connections 


Figure 2-l. 
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Right Hand Crystal Special Special Crystal 


Socket Board Position Band Range Frequency Range 

LD 2D aD 15,.0MC to 22.0MC 9.0275MC to 12,.5275MC 

1E, 2, 3% 22.0MC to 30.0MC 12, 527 5MC to.l6.52/(/5MC 
NOTE 


The crystal sockets of the Special (MARS) 
crystal socket board have the same mark- 
ings as the BAND switch. For example: 
if a Special (MARS) crystal is inserted in 
crystal socket 2C, then the BAND switch 
must be placed on 2C. The Receiver will 
not function if the BAND switch is pl: ced to 
an empty socket position. 


2-4, CRYSTAL SELECTION FORMULA. 


2-5, LOW FREQUENCY. To receive on any frequency below 15MC determine 
crystal frequency by adding the first IF band pass frequency to the lower edge of 
the operating frequency band desired. For example, if the desired frequency is 
within band 1B (7.0 to 7.2MC), add the first IF band pass frequency, 3.055MC 
to the lower edge (7.O0MC) and obtain the result of 10 055MC which is the fre- 
quency of the crystal to be selected. 


2-6, HIGH FREQUENCY. For operating frequencies above 15MC follow the 
same method as outlined in paragraph 2-5, and divide the result by 2; for ex- 
ample, a frequency is desired in the 21.0MC to 21.2MC band (BAND switch 
SW1 setting 1D). Then 21.0MC added to 3.055MC and divided by 2 equals 
12.0275MC. The 12.0275MC is the frequency of the selected crystal. 


2-7. POWER CONNECTORS. The Receiver normally operates from a 115V AC, 
60 CPS, single phase power source. However provi:ions are available to con- 
nect the Receiver to 6V, 12V, or 24V DC power source, although this requires an . 
additional source of plate and bias voltage. When using 24V DC power source, 
connect the required resistors as indicated on the Receiver schematic. A cable 
is supplied for 115V AC external power use and terminates in POWER jack J6 of 
the Receiver. To operate from power sources other than 115V AC, disassemble 
and rewire the POWER jack as follows: 


POWER jack J6 


Pin Number 6V DC 12V DC 24V DC 
1 Filament ground Filament ground Filament ground 
Z Filament ground Filament ground 24V filament 
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POWER jack J6 
Pin Number 


2-8, RECEIVER CONNECTION-SYSTEM OPERATION, 


6V DC 


Filament ground 


6V filament 
Not used 
6V filament 
+250V DC 
Ground 
-50V bias 
Not used 


Power supply 
switch 


Power supply 
switch 


12V DC 


12V filament 
To terminal 6 


Not used 


To terminal 


+#250V DC 
Ground 
-~50V bias 
Not used 


Power supply 
switch 


Power supply 
switch 


24V DC 


Not used 
Resistor 
Not used 
Not used 
+250V DC 
Ground 
-50V bias 
Not used 


Power supply 
switch 


Power supply 
switch 


External connections 


to the Receiver are made to the chassis, rear apron and front panels, and are 


listed in table 2-1. 


See figure 2-1. 


2-9. RECEIVER CONNECTION-SEPARATE OPERATION. Table 2-1 lists 
connections required to be made to the Receiver, should the Receiver be used 


alone. 


CAUTION 


Provide adequate space for cable con- 
nections and proper air circulation. 
Tube life is shortened considerable if 
adequate.ventilation is not provided. 


a. Connect antenna to the ANTENNA jack J2C. 


If using the Receiver separately, see figure 2-1 »nd proceed as follows: 


b. If a speaker is to be used, connect the two leads of the speaker to 


the 42 AUDIO jack J2A. 


c. If headphones are to be used, connect the headphones to PHONES 


tack J5. 


NOTE 


Headphones inserted into PHONES jack 
J5 will cut off the loud speaker. 
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d. Using the power cord with the 12 pin conre:‘tor, plug the 12 pin 
connector into the POWER jack J6 of the Receiver. Plug in the other end 
of the power cord into a 115V AC, 60 CPS, single phase, power outlet. 


2-6 
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TABLE 2-1, RECEIVER EXTERNAL CONNECTIONS 


Ref. No. Nomenclature Receiver Alone System Connection 


JIA 6002 BALANCED Not used TB1-5 RCVR and TB2-7 
SPKR (Control Unit) 


JiB 6002 BALANCED Not used TB1l-4 RCVR and TB2-6 
GRD (Control Unit) 


One QT Not used J3B QT (Transmitter) 
JZA 42 AUDIO Speaker connec- TB2-7, 8 SPKR 
tions (Control Unit) 
J2B RCVR MUTE Not used J7B MUTE (Transmitter) 
J2G ANTENNA Antenna input JIC RCVR (Transmitter) 
a) XTAL OSC OUT= Plugin 235 J6XTAL OSC. INPUT 
PUT (Transmitter) 
J4 Wee OUT Pt TL Not used JOURGV ER VE OUNEUT 
(Transmitter) 
J5 PHONES jack Headphone con- Headphone connection 
nection 
J6 POWER 115V AC power J3 RCVR (Control Unit) 
outlet 
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SECTION 3 


RECEIVER OPERATION 


3-1, OPERATING CONTROLS. The operating controls of the Receiver 
are located on the front panel, The function of these controls is as follows: 


Reference No. Control 
R48 RF GAIN control 
Ti=-L2 RFE TUNING 
control 


RF TUNING dial 


SWl BAND switch 
SW2 SPEC-AMAT 
switch 


SPEC position 


AMAT position 


SW3 Power switch 
OFF position 
Si BY position 


OPR position 


CAL position 


L201 Main tuning control 


Function 


Sets the amount of nega- 
tive voltage applied to 
the control grids of the 
RF and IF tubes, 


Wire Ss ReCeIVeT Liputs 


indicates receiving fre- 
quency. 


Selects frequency band 
required between 3,5MC 
and 30MC., 


Selects crystal board nec- 
essary for Special fre- 
quency operation, 


Selects crystal board nec- 
essary for Amateur 
frequency operation, 


Receiver power off, 


Receiver in ready condi- 
tion, 


Receiver in operating 
condition. 


lasert LOUKC calibra- 
tion frequency into 
Receiver, 


Tunes VFO over 2Z00KC 
range to supply oscil- 
lator frequency to sec- 
ond converter, Moves 
hair line over main 
tuning dial. 
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Reference No. Gontnor Function 


Main tuning dial Provides a reading of 
Receiver trequency in 
10KC increments, 


Vernier dial Provides a reading of 
Receiver frequency in 
1KG increments. 


Calibration reset Controls hair line setting 
control fOrivernier dial, 
Sw4 Emission switch Changes mode of recep- 
tion. 
AM position Readies Receiver for 


AM reception, 


LSB position Connects LSB oscillator 
to detector circuit for 
LSB carrier re-inser- 
tion, 


USB position Connects USB oscillator 
to detector circuit for 
USB carrier re-inser- 
tion: 


CW position Readies Receiver for CW 
reception by establish- 
ing a signal path through 
0.5KC bandwidth filter 
Pis2. 

M1 Se meter Indicates signal strength 
of incoming signal when 
RF gainis at maximum. 


R38 AF GAIN control Adjusts degree of loud- 
ness in the audio out- 
put. 

APS, PHONES jack Output for connecting 
headphones, 

Piselc Dial lamps Illuminates tuning dials. 


3-2, RECEIVER OPERATION, The Receiver is designed to operate froma 
115V AC, 60 CPS, single phase power source, and an antenna impedance of 50 
ohms resistive. The operating instructions are has:d on these requirements, 
the assumption that the installation has been properiy completed, and that the 
equipment is in good working order, This equipment has been factory tested 
and accepted, “Io operate the Receiver proceed as follows; 
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NOTE 


The operating frequency of the Receiver 

is equal to the BAND switch setting plus 
the main tuning dial setting, for example: 
‘If the BAND switch is on 7.0MC aid the 
dial reads 99, then the operating frequency 
of the system is 7.099MC (7099KC). 


‘a. Energize Receiver by placing RCVR switch (Control Unit) to ON, 
and allow 20 minutes for proper warm-up. 


b. Place power switch (Receiver) to OPR. 


c. Place emission switch to desired mode o* reception; for example, 
LSB. 


d, Place SPEC-AMAT switch to desired position; for example, AMAT, 


e. Set BAND switch to desired frequency band; for example 1C-14.0 
position. 


NOTE 


Be certain that the crystal is installed in 
the crystal socket. For example, if the 
BAND switch is placed in 1C-14.0 posi- 
tion, check that the proper crystal is in- 
stalled in the crystal socket. 


f, Adjust RF TUNING control until RF TUNING dial indicates proper 
band number to correspond to the BAND switch. For Special operation refer 
to figure 3-1 for numbers to use in tuning. 


g. Turn RF GAIN control maximum clockwise. 


h, Place AF GAIN control at mid-range. 


os Tune in desired signal by turning main tuning control, slowly. 
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RF Tuning Dial Setting - Special 


Figure 3-1, 
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NOTE 


When tuning for CW signals with filter FL2 
installed it is essential that the main tuning 

- control be rotated slowly due to tie narrow 
bandwidth of the IL F. filter. If filter FL2 
is not included in the Receiver the CW posi- 
tion is inoperative. In this case, use LSB 
or USB positions of emission switch for CW 
reception. 


j. Readjust the RF TUNING control for maximum signal output. 


NOTE 


The loudspeaker is located in the Control 
Unit. Headphones inserted in PHONES 
jack will cut off the loudspeaker, 


k,. Adjust RF GAIN and AF GAIN controls for volume. 


1. Observe S meter (Receiver) for indicated received signal strength. 


NOTE 


If operating in Special (MARS) be certain 
that the BAND switch is on the same set- 
ting as the markings on the Special crys- 
tal socket board, that is: A MARS fre- 
quency crystal is installed in 1C, then 
BAND switch must be at 1C to receive in 
the 9.0-15.0MC range. 


m. Calibrate the Receiver as follows: 
Li Place the power switch to CAL pesition. 
2. Place AF GAIN control to mid-range position, 
3. Place RF GAIN control to maximum clockwise position. 
4, Rotate main tuning control until the main tuning dial indicates 
100 at which time an audio tone is heard. Slowly rotate main tuning control 


until the audio tone diminishes in frequency to an inaudible level (zero beat), 


Adjust the calibration reset control until the hair line on the vernier dial indi- 
cates 0. 
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n. Reset power switch to OPR position, 
o. Check that the controls are in the positic 1 indicated in table 3-1, 


The positions listed are for upper sideband mode of operation (USB) and a fre- 
quency of 14,085MC. 
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TABLE 3-1, RECEIVER OPERATION 


Control Position 

RF GAIN control Mid-range 

RF TUNING control *REF TUNING dial indicates 14 
BAND switch *1C-14.0 

SPEC-AMAT switch AMAT 

Power switch STBY 

Main tuning control *Main tuning dial indicates 80 


and Vernier dial indicates 5 
Emission switch USB 


AF GAIN control Mid-range 


*Position of control varies with frequency desired to receive. 
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SECTION 4 


RECEIVER THEORY OF OPERATION 


4-1, GENERAL. - (See figures 4-1 and 4-2.) The Receiver is a completely 
contained unit and may be operated as a separate Receiver. The Receiver is 
a double conversion, superheterodyne type, consisting c° an RF amplifier 
first mixer, high frequency crystal oscillator and a VFC tuned by the main 
tuning dial to provide the second conversion stage with a local oscillator fre- 
quency. The second intermediate frequency (455KC) is supplied to two stages 
of IF, followed by a detector and two stages of audio amplification. Termina- 
tion may be into a speaker voice coil (or headphones), 2 telephone line, or 
both. Separate detectors are used for AM and SSB/CW detection. A Receiver 
calibration stage for calibrating the Receiver main tuning dial and vernier dial, 
and two narrow mechanical filters providing a high degree of selectivity are 
features of this Receiver. The Receiver is powered by a full wave rectifier 
operating from the conventional 115V AC line through a »ower transformer. 


4-2. RF CIRCUITS. The RF circuits consist of an antenna input jack J2C, 
tuning components and RF amplifier V1. The incoming signal is applied to the 
shunt RF tuning components for pre-selection and then to the input of V1. The 
desired band is tuned by the RF TUNING control which varies the inductance of 
two coils Tl and L2. Coil Tl is shunted by padder and trimmer capacitors, Cl 
through C8, and selected by BAND switch SW1. The output of V1 is fed to the 
first mixer tube V3, where the second tuning coil L2 is shunted by padder and 
trimmer capacitors, C18 through C25, and selected by BAND switch SW1. The 

S meter M1 is connected across a portion of the plate lc ad resistor R8 of tube V1 
and indicates the received signal strength. The S METER ADJUST resistor RY, 
selects a portion of the plate current to be passed through the meter (Receiver). 
The amount of signal allowed to pass is controlled by RF GAIN R48, and RF GAIN 
ADJUST R49. These resistors establish the operating ievel for the RF and IF 
tubes. Bias voltage is obtained from the Power Supply (paragraph 4-13), The 
output of Vl is fed to V3 the first mixer tube to become the first intermediate fre- 
quency. 


4-3, FIRST MIXER CIRCUIT. The first mixer circuit consists of V3, two slug 
tuned IF transformers T2 and Ll, and associated circu.try. The received signal 
is applied to one input of V3 and a high frequency crystal oscillator frequency is 
applied to another input (paragraph 4-10). For any received frequency selected 
in the RF circuits the proper crystal is applied to the second input to produce in 
the output of V3 a band of frequencies from 2.855MC to 3.055MC. These fre- 
quencies are applied to the IF transformer T2, which in addition to Ll is tuned 
to pass 200KC (2.855MC to 3.055MC) and becomes an input of the second mixer. 


4-4, SECOND MIXER CIRCUIT. The second mixer circuit consists of V4, 
mechanical filters FL] and FL2, emission switch SW4 ind a variable frequency 
input. The 2.855MC to 3.055MC frequencies from the ‘irst mixer circuit are 
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Figure 4-1, 
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applied to an input of V4 and a second frequency of 2,4MC to 2.6MC from the 
variable frequency oscillator is passed to a second input of V4 (paragraph 4-11), 
These frequencies are combined in V4 to produce an intermediate frequency of 
455KC which is passed to mechanical filter FL1, providing emission switch SW4 
is in AM, LSB or USB positions. The mechanical filter allows frequencies from 
456, 05KC to 453,95KC, or 2, 1KC to pass, attenuat:ng all others sharply. If 
emission switch SW4 is in CW position and the Receiver is equipped with filter 
mi2, the bandpass is reduced to 455, 25KC and 454. 75KC, or 0.5KC. From 
emission switch SW4 these signals are passed to the input of V5, the first IF 
amplifier tube. 


4-5, IF CIRCUITS. The first and second IF amplifiers consist of the first IF 
amplifier tube V5, IF transformer T3, second IF amplifier tube V6, IF trans- 
former T4 and associated circuitry. The second IF signal is passed to V5 where 
it is amplified and passed to IF transformer T3. Tis slug tuned transformer 
peaks the signal and passes it to the second IF amplifier tube V6 where it is again 
amplified and applied to the second slug tuned IF transformer T4 to further peak 
and pass the signal to the detector, 


4-6, DETECTOR CIRCUITS. The detector circuits consist of AM detector V7, 
product detector V8, and crystal oscillators Y30 and Y31l. If the emission switch 
SW4 is placed in AM position the product detector is removed from the circuit and 
the 455KC signal is detected in the usual manner by the diode portion of V7 then 
passed to the audio circuits via AF GAIN control R38. If the emission switch SW4 
is in any other position, then detection is accompl: shed in the product detector V8. 
The second IF signal is applied to an input of V8, anda crystal oscillator signal of 
either 453, 9KC (LSB) or 456. 4KC (USB) is applied to the input of V8, through emis- 
sion switch SW4. The output of V8 is filtered and a signal varying at an audio rate 
is applied to the first audio amplifier, the triode section of V7. 


4-7, AUDIO OUTPUT CIRCUIT. The audio output circuit consists of the first 
audio, the triode portion of V7, the audio output tube V9 and the audio output trans- 
former T5. AM audio, detected in V7, is passed to the AF GAIN control R38 which 
determines the amount of audio signal applied to the GRID of V7. SSB or CW audio 
detected in the product detector V8 is applied to the same input of V7. The audio 
response is practically flat from 300 to 2400 CPS. The two secondaries of T5 have 
output impedances of 42 and 6002, The 42 secondary is terminated in a speaker 
coil and the 6008 balanced output secondary is terminated in a telephone line (if re- 
quired). Headphones, which cut out the loudspeaker, may be used. 


4-8. OSCILLATOR CIRCUITS. The Receiver contains four oscillator Circuits, 
as follows: The crystal calibrator oscillator V10, the high frequency crystal oscil- 
lator V2, the VFO oscillator V201, and the carrier reinsertion oscillator V8. 


4-9, CRYSTAL CALIBRATOR OSCILLATOR. Tke crystal calibrator oscillator 
consists of a l0OOKC crystal oscillator, the oscillator tube V10, and associated cir- 
cuitry. The output of the crystal calibrator circuit is connected into the RF section 
through the power switch SW3 and the input coil of Tl, producing a fixed frequency 
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of LOOKC with harmonics at. LOOKC increments to calibrate the tuning dial of 
the Receiver, Capacitor Cll adjusts the input frequency over a narrow range 
to compensate for any unavoidable drift of the LOOKC crystal. 


4-10, HIGH FREQUENCY CRYSTAL OSCILLATOR, The high frequency crys- 
tal oscillator consists of provisions for 28 crystals mounted on two selector 
boards. One board contains crystals for tuning in the Amateur receiving bands 
Yl and Y14 and the other board contains crystal sockets for Special (MARS) 
band tuning (Y1I5 to Y28). The selector boards are chosen by SPEC-AMAT 
switch SW2, and the crystals are selected by BAND switch SWl. The desired 
crystal frequency is passed to the input of V2. The output of V2 is tuned by 
pre-tuned coils L5 through LY selected by Band switch SW1, and coupled to 

the first mixer tube V3, refer to paragraph 4-3, The five input positions of 
BAND switch SW1 (wafer A and B) in the RF amplifie) correspond to the five 
tuned positions of the high frequency Band switch SW! (wafer E) of the crystal 
oscillator output circuit, 


NOTE 


The output of the high frequency crystal oscillator 
V2 is equal to the frequency of the crystals when 
the bands selected are below 15MC. Above 15MC 
the high frequency crystal oscillator V2 .s tuned by 
coils L8 and L9 to oscillate at the secon:i harmonic 
or twice the crystal frequency. The oscillator out- 
put for any frequency is 3.055MC higher than the 
lower edge of the desired band, and 2.855MC higher 
than the upper edge of the band. 


An output jack J3 XTAL OSC OUTPUT located on the Receiver chassis is 
provided for system operation. When notin use, this jack should containa 
special shorting plug P3, placing the RF output to greund. 


4-11. VARIABLE FREQUENCY OSCILLATOR (VFO). The VFO oscillator 

is a sub-chassis of the main Receiver chassis and provides mixing frequen- 
cies to the cathode input of the second mixer tube V4. The oscillator con- 
sists of V201, cathode coupled to the input of the second mixer tube V4, 
(paragraph 4-4). Stability and accurate frequencies of the VFO are obtained 
by the use of a modified colpitts oscillator equipped with temperature com- 

- pensating capacitors. The pentode section of V201 functions as the oscillator 
amplifier. The triode section couples the output signal in a cathode follower 
circuit through a short coaxial cable. The main tunin’ dial varies the slug in 
a coil to provide a tuning range of 2.4 to 2.6MC. A s:nall variable capacitor 
C211 and a crystal diode CR201 are connected across the tuned circuit RFC 
201 and C210 in the c hode of the pentode section of V201. A lead is brought 
to the emission swiech SW4 through a dropping resistor R209. With the emis- 
sion switch SW4 on either CW or USB, positive voltage is applied through R209 
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to the frequency switching diode CR201. This voltage causes the diode CR201 
to conduct and C211 is connected to ground in parallel with the tuned circuit 
RFC201 and C210 providing additional capacity to the oscillator circuit and 
thus decreasing the frequency. When the emission switch SW4 is placed in 
either LSB or AM, negative voltage is applied to CF 201 opening the circuit to 
ground and C211 is left floating increasing the osciliator frequency. The 
amount of frequency change is sufficient to permit the change from USB to LSB 
without retuning the Receiver. 


CAUTION 


Do not open the VFO oscillator can unless part 
replacement is necessary. The VFO is factory 
set and requires careful handling. 


4-12. POWER SUPPLY. The power supply to the Receiver consists of a 

12 pin connector input POWER jack J6, a one ampere slow blow fuse Fl, a 
power transformer T6 with two secondary windings, five silicon rectifiers 
CR1 to CR5 and an output filter R46, L12, C81A and C81B. When the Re- 
ceiver power cord from POWER jack J6 is connected to 115V AC and the 
power switch SW 3 (Receiver) is moved from the OFF position, current flows 
through power switch SW3 (Receiver) from one side of the power line, through 
the one ampere slow blow fuse into the primary of T6. The secondary of T6 
is composed of a high voltage winding for the plate «1d screen supply, anda 
low voltage winding for the filament supply. Bias vcltage is obtained through 
a tap on the secondary. Four silicon rectifiers, CRl, CR2, CR3 and CR4 are 
connected in series to each end of the secondary to provide full wave rectifi- 
cation. Another silicon rectifier CR5 is connected io a tap on the high voltage 
secondary to provide a negative bias voltage to control the RF and IF tubes 
with the VOX circuits in the Transmitter. The rectified DC is applied to a pi 
type filter which produces a DC voltage with very low AC ripple content, The 
low voltage secondary which supplied the filaments also lights the two dial 
lamps. The 12 connector POWER jack J6 is so arranged that the filaments and 
dial lamps will function on 6, 12, or 24V DC. 


4-13, AVC. The AVC voltage developed across R33 is applied to the grids 
of V1, V3, V4, V5, and V6. The RF GAIN control R48 provides manual gain 
control of the Receiver and RF GAIN ADJUST R49 determines the level at 
which the AVC is applied to the tubes, and is present in all modes of reception, 
When the power switch SW3 is placed on STBY, ground is established through 
R50 for the negative voltage supply which raises the bias level applied to the 
RF and IF tubes to a point where they are completely cut-off. 
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RECEIVER MAINTENANCE 


biel GENERAL, The Receiver is aligned before shipment and accepted 
for proper operation. Should circumstance require realignment and main- 
tenance, remove two screws at the sides of the case and lift the lid. This 
provides access to the top of the chassis. To retnove the chassis from 

its case, loosen the screws holding the rubber feet and lift the chassis 
clear. See figures 5-1 and 5-2, 


bees EQUIPMENT REQUIRED. Equipment, or equivalent, required 
for alignment of the Receiver is as follows: 


a. Multimeter, 20,000 ohms per volt, Simpson 260, 

b. Signal generator, Hewlett-Packard 606A, 

c. VTVM with RF probe, Hewlett-Packard 410B. 
b= 3s PRELIMINARY ALIGNMENT, Determine iat all tubes are properly 
seated in their sockets and carry out the following preliminary procedures 


to check the audio stages. 


a. Connect a 4-ohm speaker to the 42 AUDIO jack J2A, or pluga 
headset into PHONES jack J5. 


b. Connect the power cord toa 115V AC, 60 CPS, single phase 
power supply, and allow sufficient warm-up time before making adjustments, 


c., Place power switch SW3 to OPR, (See figure 1-1) 
d, Set VIVM to £300 volt scale. 


e. ©onnect VI VM trom the chassis to junction of LJ2Z2 and C81B,. 
Meter should read 4250V +10 volts. (See figure 5-2) 


f. Observe that the dial lamps and all tube filaments are lit. 
g. Set emission switch SW4 to AM. 


h. Connect the signal generator, set at 455KC with 30% modulation 
at 400 cycles, to pin 5 of V7. Tone should be audible in the loudspeaker. 


ip Adjust AF GAIN control R38 for sound volume, 
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je Set VITVM to a low volts scale and connect it to the junction of 
R33 and the arm of variable resistor R48 RF GAIN control. (See figure 
5-1 and figure 5-2.) 


k, Adjust RF GAIN ADJUST R49 on chassis until VITVM reads 
-1,5V. (See figure 5-1.) 


5-4, IF ALIGNMENT, (See figure 1-1.) To perfor:1 the IF alignment 
set the Receiver controls as follows: 


Reference No, GoOntrol Position 

SW3 Power switch OPR 

SWl BAND switch Empty crystal 
socket position 

Sw4 Emission switch AM 

R48 RE GAIN control Maximum’ 
clockwise 

R38 AF GAIN control Maximum 
clockwise 


Proceed with the following steps: 

a. Remove cable from VFO jack J2Z01. 

b. Connect shorting jumper across R33, (See “igure 5-2) 

c. Connect VTVM, set to 10 volt AC scale, across 600Q resistor 
which is placed across 600Q BALANCED jacks J1A and J1B, on rear of the 


chassis. 


d. Connect signal generator, set at 455KC with 30% modulation at 
S00 cycles, to pin 7-of V4. 


e. Turn top and bottom slugs of T3 and T4 completely counter 
clockwise. (See figure 5-1 and figure 5-2.) 


f, Adjust bottom slugs of T3 and T4 for maximum reading on VTVM. 


g. Repeat step f except for top slugs of T3 and T4, 


NOTE 


As the VIVM reading rises, reduce the 
signal generator output. 
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highest reading on the VITVM. 


controls as follows: 


Reference No, 
SW3 
SWI 


Sw4 
R48 
R38 


Proceed with the following: 


fa pin 7 of V4. 


volt. 


j- Remove VTVM and signal generator. 
_J201 and remove the shorting jumper across R33, 


i. Repeat steps f and g for maximum VTVM reading. 


NOTE 


Sensitivity of the IF circuit should read 
5 volts output on the VT VM for 20 to 25 
microvolts input from the signal generator, 


Gontrol 


Power switch 


-BAND switch 


Emission switch 
RF GAIN control 
AF GAIN control 


auwirenemove. the cablesfrom VFO jack J201. 


c. Connect a shorting jumper across R33. 


h. Vary signal generator output frequency about 2KC each side of 
455KC to locate the exact center of the mechanical filter FLI1. 


Choose the 


Replace VFO cable to 


D=5, CARRIER REINSERTION CRYSTAL ADJUSTMENT, (See figure 1-1.) 
To perform carrier reinsertion crystal adjustment positi:n the Receiver 


Position 


OPR 


Position to empty 
crystal socket 


LSB 
Fully clockwise 
Fully clockwise 


b. Connect a 4-ohm loudspeaker into the 42 AUDIO jack J2A. 


d Connect the signal generator, set at 455KC with no modulation, © 
e. Connect VITVM with RF probe to pin 1 of V6. Set scale to one 


f. Tune signal generator slowly from 453 to 457KC, and observe 
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NOTE 


It is essential that the signal generator be 
tuned slowly and to observe the VITVM 
closely. Four peak readings will be ob- 
served. Choose the highest peak and ad- 
just the signal generator voltage output 
for a one volt reading on the VIVM. 


g. Decrease frequency output of the signal generator until the VTVM 
s 0.10 volt (20DB do‘vn). 


h, Adjust the slug of L10 until the speaker signal is at zero beat. 
just C87 and L10 until 15 volts peak to peak or 5.3 volts RMS is mea- 
dat pin 2 of tube V8, while maintaining a zero beat at the loudspeaker. 
e figure 5-1 and figure 5-2.) 

~ i. Set emission switch SW4 to USB. 


je Increase the signal generator frequency until the VITVM reading 
s through one volt an! falls to 0.10 volt (20DB down). 


ke Repeat step h except tune slug of Ll and adjust C88. 


1. Set power switch SW3 to OFF and remove the signal generator, 
VM, and the shorting jumper on R33. Replace VFO cable to J201. 


} BANDPASS IF ALIGNMENT, (See figure 1-1.) To perform the band 
is alignment proceed with the controls set as follows: 


Reference No. Control Position 
SW3 Power switch OPR 
SsWwl BAND switch Unused crystal 
socket 
sw4 Emission switch AM 
R48 RFE GAIN control Maximum 
clockwise 
R38 AF GAIN control Maximum 
clockwise 


a. Remove*cabletirom VFO jackJ201., 
b. Connect shorting jumper across R33, 


-  c. With VTVM set on 1.5 volt scale connect RF probe to junction of 
8 and C49. (See figure 5-2.) 
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d. Turn the top and bottom slugs of T2 and LI all the way in. 
(See figure 5-1 and figure 5-2.) 


e. Set the signal generator at 2955KC unmodulated, and connect it 
to pin 7 of V3. Adjus’ output voltage to 0,2 volts. 


f, Adjust the three slugs of T2 and LI for maximum indication on 
the VIVM. 


g. Tune the signal generator to 2890KC and adjust top slug of T2 
for maximum VTVM indication, 


h. Tune the signal generator to 3035KC and adjust bottom slug of 
T2 for maximum VTVM indication, 


ie Repeat steps g and h until further adjustment of either top or 
bottom slug does not increase the VITVM reading. 


NOTE 


Voltage gain for steps c through i, not 
more than 3. 


je Tune the signal generator to 2955KC and set 400 cycle modulation 
to 30% with 8 microvoi%s output. 


k, Shift VTVM to 600Q BALANCED output jacks J1A and J1B onthe 
rear of the Receiver chassis, 


1. Adjust the slug of Ll for maximum reading on the VITVM. (With 
8 microvolts input the VTVM should read 5 volts), 


m. Repeat steps h, i, and k and observe|\ VIVM;‘there should be 
“little change in the peax reading. 


NOTE 


If possible the bandpass should be observed 
on an oscilloscope with a sweep generator 
to"sweep between 2855KC and 3055KC. Under 
these conditions the oscilloscope pattern 
should be within 3DB down over the passband 
range. The skirts should drop sharply at 
both »xtremities, 


n. Disconnect the signal generator, the VITVM and remove the 
shorting jumper across R33. Reconnect the VFO cable into J201. 
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5-7, HIGH FREQUENCY CRYSTAL ADJUSTMENT, (See figure 1-1.) To 
adjust the high frequency crystals, set the controls as follows: 


Reference No. Control Position 
Sw2 SPEC-AMAT switch AMAT 
SW3 Power switch OPR 
SWw4 Emission switch AM 
R48 RE GAIN control Maximum 

clockwise 
R38 AF GAIN control Maximum 
clockwise 


Proceed with the following: 
a. Gonnec!  VIVM throughvnhyprobeata ppinilsof V3. 


b, Set BAND switch SW1 on the following positions and tune the 
associated coil for maximum VTVM indication. (See figure 1-1.) 


BAND Switch Position Coil 
2A 80(A) 
2B 40(B) 
2C 20(C) 
2D 15(D) 
1E 10(E) 
- NOTE 


Vary the tuning slug of the coils slowly especially 
the last three. Make certain the largest peak 
VTVM reading is obtained in each case. 


c. Disconnect the VIVM, 


5-8. . RF TUNING ALIGNMENT, (See figure 1-1.) To align the RF 
portion of the Receiver, set the controls to the indicated positions and 
perform the following: 


Reference No, Control Position 
SWl BAND switch As necessary 
SW3 Power switch OPR 
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Reference No, (Cont) Control Position 
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SWw4 Emission switch AM 
R48 RF GAIN control | Maximum 
clockwise 
R38 AF GAIN control Maximum 
clockwise 
T1l-L2 RF TUNING control As necessary 
Main tuning dial 200 


a. Rotate RF TUNING control until midway between 7 and 8 of 
lower scale appears within the center of the triangular window of the RF 
TUNING dial. 


b, Check that the tops of the tuning slugs of Tl and L2 are even 
with the coil forms wh ch they tune. Adjust the slugs if necessary. 


c. Connect the signal generator to the ANTENNA input jack J2C. 


d.. Connect 60082 resistor across 6002 BALANCED output jacks 
Jl1A and J1B on rear of Receiver chassis. 


e, Connect AC VTVM across the above resistor. 


f. Use only enough signal from the signal generator to be able 
to observe tuning peak: on the VIVM. 


g. Final tuning adjustments must be made with the signal generator 
output as low as possible, 3 microvolts or less. 


NOTE 


In the following table place the RF TUNING 
control to the upper edge of the band, (heavy 
bla -k line) for each band indicated except 
28iviC. Be certain to change signal gener- 
ator for each BAND switch SWI change. 


Signal Generator BAND Switch RF TUNING Control ee lune 

Frequency Output Settings | __Settings Capacitor 
3.7MC 2A - 3,6MC 3.5MC C2 80(A) 
7.3MC 2B - 7.2MC 7MC C4 40(B) 
14.3MC 7C - 14,.2MC 14MC C6 20(C) 
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Signal Generator 
Frequency Output 


21.3MC 
28.60MC 


BAND Switch 


2D see 
[Ee eeen MC 


RF TUNING Control Tune 
Settings Capacitoi 
21MC G7 Lol 


28MC (Mid-range) C8 10(E 


5-9. 100KC CALIBRATION OSCILLATOR ALIGNMENT, (See figure 1-1.) 
To perform the 100KC Calibration Oscillator Alignment, place the controls 


at the following positions: 


Reference No, 


SWl 
SW3 
Sw4 
R48 
R38 


a. Connect antenna to ANTENNA input jack J2C. 


BAND switch 
Power switch 
Emission switch 
RF GAIN control 
AF GAIN control 


Main tuning dial 


b. Tune Receiver to (WWV) 15MC. 


cy. Place the power switch SW3 to.CAL. 


Position 

3C - 14,8 
OPR 

AM 

As necessary 
As necessary 


200 


d. Adjust 100KC ADJUST Cll during period when modulation on 
WWYV is absent, until audible beat note is brought to zero with an increase 
of signal on each side. (See figure 5-1, ) 


e, Return power switch SW3 to OPR. 


5-10. S METER ADJUSTMENT, (See figure 


-1.) To perform S Meter 


Adjustment, set the controls in the indicated position and proceed as follows: 


Reference No, 


SW 3 
sw4 
Swi 
R48 


R38 


Teer Le 


Control 

Power switch 
Emission switch 
BAND switch 
RF GAIN control 


AF GAIN control 


REL UINN G control 


Position 


OPER 
AM 
3C - 14,8 


Maximum 
clockwise 


Maximuin 
clockwise 


14,8MC 
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a. Remove antenna from Receiver set RF G..IN control R48 at 
maximum, 


b. Set S METER ADJUST R9 on the chassis for zero reading on the 
S meter Ml (Receiver) (See figure 5-1.) 


5-11, OVERALL SENSITIVITY TEST. (See figure 1-1.) To perform the 
Overall Sensitivity Test of the Receiver, set the controls as follows: 


Reference No. Control _ Positicn _ 

SWw3 Power switch OPR 

Sw4 Emission switch USB . 

SWwl BAND switch As required 

R48 RF GAIN control Maximum 
clockwise 

R38 AF GAIN control Maximum 
clockwise 

T1-L2 RF TUNING control As required 


a. Connect VTVM to 6002 BALANCED jacks JlA and J1B. Connect 
6002 resistor across 6002 BALANCED output and remove the speaker. 


b. Connect signal generator set at 3.7MC. 

c. Set BAND switch SWI at 2A-3.6. 

d. Place main tuning control at 100. 

e. Energize Receiver and allow sufficient warm-up time. 
i, Turn on VTVM and signal generator. 


g. Place VTVM to 30 volt scale and signal generator to 1 microvolt 
output. 


h. Adjust RF TUNING control until VITVM reads 21 volts or more, 
(Sensitivity should be 1 microvolt input for 3/4 watt >utput. ) 


i. Continue with step h for the following settings of the BAND 
switch, 2B-7.2, 3C-14.2,2D-21.2, E-28.5, Adjust the RF TUNING 
control Tl-L2 as necessary. (See figure 5-1.) 


5-12. RECEIVER MUTING TEST. (See figure 1-1.) To determine that the 
Receiver muting circuits are operating properly proceed as follows: 


> a Ae PawTCA. eedeceigal 
i; bade’ i aed poo} z dinicea: - 


ed) id golibaet ogo 2ok Bisa 


om) Near yTiviri ie ad LAS 
; ios Tevtebek od? % ee | 


Mei 


thea ho mde 

oh ‘ Comer mievese placed 
RAO Aoirwe Dawe? 
{3 U3 Sotiws noleehng - swe 


aa imniwa O4AAS we. 


¢ j yf : ey 
i {Ce aM OT iit t LA , BER 
#5 
~ a y a rel ’ {% | “4 S.J iT 


sano .2It bas All tdoe}QUROMASAS 2008 of MVTV toshago 
92 59qg6 ol) svomex Sos degtivo CAQDKMATAS 2006 saorse sae r 


',€ 48 tee t8letecey ladgiet tasnned, oy 7 
a 
aa - 
O.f+AS js (WS doviwe CAS EO 
\O0T 34 lowixed gaind also 43a 


fd am-oreaw live wolis hos tevissen ex iy em 
tole covey largie bow MVTYV oo neet 


Hlaveat shin ot 1Otetaney leprae hase slacaioy Of cr MVTY ae lf 
ie i. “a Ra, 


\ al ; de. OF { 

Servo? *o.ai:hov Pa ax yey Mev E VI mire etwas arnivot cea %¢ 
( dct Miho BNE 268 tHgae catia pper ot ad welt 

Chi AE. Slit oxo dgneihan: ar qs bier mid: 4int ce heigl aor bac 

OMIA 'T Ba) oth bai BA ye oe ss iguat Ss ik 


Ne te wengit ant) 


ee he tices sob oT, bah ovnght ieee ee 
‘sawallat es bemadaep ” ere ire 


: i 
t 
r : a 
4h i , eet 

i > bey 

”, ane ME 

aan) wee iy 
rh 


@. Tune ina signal, 
b. Set power switch SW3 toSTBY. The signal is cut off, 


Gen JGHOTE Ene inner connector ofthejack ROVR MUTE J2B, to the 


chassis and the signal should reappear, 


d. Remove the short circuit from ROV&R MUTE J2B. 
e, Return power switch SW3 to OPR. 


5-13, PHONE JACK TEST. To determine if the PHONES jack J5 is func- 
tioning properly, tune in a signal that is heard in the loudspeaker. Insert 
a phone plug into PHONES jack J5. The loudspeaker is cut off. 


5-14. VARIABLE FREQUENCY OSCILLATOR. (See figure 6-3.) The 
variable frequency oscillator (VFO) is a linear calibrated oscillator with 
a range of 2,.4MC to 2.6MC. The frequency of the VFO is read on two 
dials, The main tuning dial is divided into 1OKC segments and the vernier 
dial is divided into 1KC segments. Tuning is linear within 300 cycles at 
any dial point. The VFO is factory aligned and adjusted; and ordinarily 
does not require adjustments. 


5-15, VFO FREQUENCY SHIFT ADJUSTMENT... (See figure 1-1.) To 
adjust the VFO frequency shift proceed as follows with controls at the 


position indicated. 


Reference No, Control Position 
SW3 Power switch CAL 
SwWw4 Emission switch LSB 
Swi BAND switch 1A-3,4MC 
T1l-L2 RF TUNING control 3,4MC 
L201 Main tuning control 0 


a. Increase AF GAIN control R38 ane adjust the main tuning 
control L201 until the audible note in the speaker is at zero beat, 


b. Place emission switch SW4 to USP. 
c, Adjust C211 in VFO for audible beat note in speaker, 


d. Return power switch SW3 to OPR or STBY. 
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SECTION 6 


RECEIVER REFERENCE MATERIAL 


6-1. GENERAL. The voltage and resistance charts, the parts list, and 
the schematic diagram (figure 6-1) for the R-104 Receiver are provided in 
this section, Reference material for the M-136 Variable Frequency Oscil- 
lator is also included, 

6-2. R-104 RECEIVER RESISTANCE MEASUREMENT CHART. (See 
figure 6-2,) The resistance measurements were taken with a multimeter 
(20,000 ohms per volt) from the pins of the tube socxets to ground, Re- 


ceiver front panel controls placed as follows: 


CAUTION 


Remove all input source power to 


Receiver. 
Reference No. Control Position 

SW3 Power switch CAL 

R48 RF GAIN control Fully counter- 
clockwise 

R38 AF GAIN control Fully counter- 
clockwise 

Sw2 - SPEC-AMAT switch AMAT 


NOTE 


Resistances less than 1 ohm are con- 


sidered as zero ohms. 
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6-3, M-136 VFO RESISTANCE MEASUREMENT CHART. 


(See figure 6-3.) 


Resistance measurements of the VFO were made with tube V-201 removed 


from its socket using a multimeter (20,000 ohms per volt.) 
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CAUTION 
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Figure 6-1. P-109 Power Supply Schematic 6-2 
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Figure 6-1, P-109 Power Supply Schematic 6-2 
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Figure 6-1, M-135 Control Unit Schematic 


